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The Drosophila eggshell is an elaborate structure that is derived from a monolayer of follicular
epithelium surrounding the developing oocyte within the female ovary. The bone morphogenetic
protein (BMP) signaling pathway is essential for controlling the patterning and morphogenesis of the
eggshell. During oogenesis, the roles of patterning and morphogenesis by the BMP type I receptor
thickveins (tkv) have been studied extensively. However, signaling through this pathway requires both
type I and II receptors, and the latter has yet to be established in oogenesis. We focus on wishful thinking
(wit), the Drosophila homolog to the mammalian BMP type II receptor, BMPRII. We found that wit is
expressed dynamically in the FCs of D. melanogaster in an evolutionary conserved pattern. The
expression patterns are highly correlated with the dynamics of the BMP signaling, which is consistent
with our ﬁnding that wit is a target of BMP signaling. Furthermore, we established that WIT is necessary
for BMP signaling, and loss of WIT is associated with cell autonomous loss of BMP responses. Of
importance, we demonstrated that perturbations in WIT led to changes in eggshell morphologies in
domains that are patterned by BMP signaling. Previous studies have shown a role for WIT in BMP
signaling during neurogenesis; however, our results reveal a role for WIT in epithelial cells’ develop-
ment.
Published by Elsevier Inc.Introduction
In Drosophila melanogaster, the eggshell is derived from the
follicle cells (FCs), a two-dimensional layer of epithelial tissue
surrounding the developing oocyte (Hinton and Service, 1969;
Horne-Badovinac and Bilder, 2005; Spradling, 1993). Two main
signaling pathways are responsible for eggshell patterning, the
epidermal growth factor receptor (EGFR) and the bone morpho-
genetic protein (BMP) (Berg, 2005; Deng and Bownes, 1997;
Dobens and Raftery, 2000; Neuman-Silberberg and Schupbach,
1993, 1994; Peri and Roth, 2000; Queenan et al., 1997b; Twombly
et al., 1996). Structures of the eggshell, such as the respiratory
dorsal appendages (DAs) and the operculum, are sensitive to
changes in the levels of BMP signaling (Berg, 2008; James and
Berg, 2003; Ward and Berg, 2005; Ward et al., 2006). Thus, the
eggshell is an excellent system to study how pathway compo-
nents contribute to the levels of signaling (Dequier et al., 2001;
Dobens and Raftery, 2000; Peri and Roth, 2000; Shravage et al.,
2007; Twombly et al., 1996; Yakoby et al., 2008a).Inc.
akoby).In the FCs, BMP signaling is dynamic. Early signaling is
restricted to a band of anterior FCs, reﬂecting the anteriorly
emanating BMP-2/4-like ligand Decapentaplegic (DPP) that sig-
nals through a uniformly expressed type I BMP receptor Thick-
veins (Tkv) (Deng and Bownes, 1997; Dobens et al., 1997; Jekely
and Rorth, 2003; Mantrova et al., 1999; Peri and Roth, 2000;
Twombly et al., 1996). Later, the DPP ligand signals in two
dorsolateral patches on either side of the dorsal midline, which
reﬂects the late pattern of tkv (Lembong et al., 2009; Mantrova
et al., 1999; Yakoby et al., 2008b). The role of tkv in guiding the
levels and patterns of BMP signaling has been extensively studied
in numerous tissues (Crickmore and Mann, 2006; Lecuit and
Cohen, 1998; Lembong et al., 2009; Niepielko et al., 2011, 2012;
Shravage et al., 2007; Vuilleumier et al., 2010; Xia et al., 2010;
Yakoby et al., 2008b). However, BMP signals by binding to a
complex of type I and type II BMP receptors (Affolter and Basler,
2007; Araujo et al., 2011; Baker and Harland, 1997; Massague
et al., 2000; Parker et al., 2004; Wu and Hill, 2009).
While wit is expressed in numerous tissues during ﬂy devel-
opment (Marques et al., 2002), it is surprising that so far the
function of WIT has been limited to neurons. In this study, we
report that the type II BMP receptor wishful thinking (wit) is
expressed in a pattern that follows the dynamics of BMP signaling
R.A. Marmion et al. / Developmental Biology 375 (2013) 45–5346in the FCs. We found that WIT is regulated by BMP signaling cell
autonomously. Furthermore, WIT is required for BMP signaling,
and the disruption of WIT is associated with patterning defects
and morphological deformities of the eggshell. Collectively,
our data suggests that during oogenesis WIT acts as a type II receptor
to regulate FC patterning and morphogenesis of the eggshell.Materials and methods
Fly stocks
The following stocks were used in this study: wild-type
D. melanogaster (OreR), D. simulans and D. sechellia (a gift from
D. Stern), E4-Gal4 and CY2-Gal4 (Queenan et al., 1997a), UAS-dpp
(a gift from T. Schu¨pbach), e22c-Gal4 (Bloomington Stock Center),
and UAS-dad and DadZ (Tsuneizumi et al., 1997). The FLP/FRT
mitotic recombination system (Duffy et al., 1998; Xu and Rubin,
1993) was used to generate clones of mutant follicle cells, marked
by the absence of GFP. Analysis of BMP input was conducted with
the Mad12 allele: FRT40A Mad12/FRT40A ubiGFP;GR1-Gal4 UAS-FLP
(a gift from R. Padgett). The role of WIT in BMP signaling was
conducted with theWitG15 allele: FRT79WitG15/FRT79 ubiGFP;e22c-
Gal4 UAS-FLP (a gift from M. O’Connor). Depletion of wit was
conducted with an RNAi stock from the TRiP RNAi collection at
Harvard, JF01969, and included a UAS-dicer2. Flies were grown on
cornmeal agar; all crosses were completed at 22 1C.
Wit reporters
Genomic fragments from the wit locus were ampliﬁed by PCR
and cloned into a pCR8/GW/TOPO entry vector by TOPO-cloning
and subsequently into pattBGWhZn by Gateway cloning reaction
(Invitrogen). The vector pattBGWhZn is a derivative of pUASTattB
(Bischof et al., 2007) and contains an attR1-ccdB-CmR-attR2
cassette followed by a hsp70 minimal promoter and a lacZ reporter
encoding a nuclear version of ß-Galactosidase. All reporter constructsFig. 1. The expression of wit is dynamic. (A–C) The wit transcript is initially expressed
(S10B), and is gone by S11. Yellow broken line denotes the anterior domain of the oocyt
in the posterior end of the FCs (arrow) induces BMP signaling, detected by P-MAD (rewere inserted into the chromosomal position 68A4 of the attP2-line
by PhiC31/attB-mediated integration (Groth et al., 2004).
In situ and immunoﬂuorescence hybridizations, microscopy
The expression pattern of wit in the FCs was previously described
(Yakoby et al., 2008a). The wit gene was cloned from a cDNA library
generated with the Stratagene cDNA Synthesis Kit. Forward primer:
CAAGTATCCCGCACCACTTT. Reverse primer: CCATCATSCGATCRTCGT.
In situ hybridization was performed as previously described (Wang
et al., 2006), but without the RNase digestion step (Yakoby et al.,
2008a). Dissection and ﬁxation was conducted as reported elsewhere
(Pacquelet and Rorth, 2005). Primary antibodies: mouse anti-Wit
(23C7; 1:500, DSHB), rabbit anti-phosphorylated-Smad1/5/8 (1:3000,
a generous gift from D. Vasiliauskas, S. Morton, T. Jessell and
E. Laufer), mouse anti-betagalactosidase (1:1000, Promega), rabbit
anti-betagalactosidase (1:1000, Invitrogen) and sheep anti-GFP
(1:2000, Biogenesis). Secondary antibodies: Alexa Fluor (1:1000,
Molecular Probes), and DAPI (1:10000). Images were captured with
a Leica DM3000 Compound Microscope or a Leica SP5 Confocal
microscope (Leica). Scanning electron microscopy was conducted
with a Leo 1450EP SEM. Images were processed with ImageJ
(Rasband, 1997–2009) and Gimp (GNU Image Manipulation Program,
1995–2008). To evaluate the levels of BR reduction in cells null
for wit, a line plot of Broad was traced using ImageJ across several
wild type cells as well as clones null for wit. The average gray value
was taken for wild type cells as well as the clones in the same
image. Percent reduction for each egg chamber was calculated
as 1(clone/WT).Results
The dynamic pattern of wit/WIT is regulated by BMP signaling
Previously, we reported that wishful thinking (wit) is patterned
in the FCs of D. melanogaster (Yakoby et al., 2008a). Initially,in an anterior band of cells at stage 10A (S10A), then clears from the dorsal side
e associated FCs. Arrowhead denotes the dorsal side. (D) Ectopic expression of DPP
d). (E) wit is expressed in the posterior FCs of this genetic background.
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associated FCs (Fig. 1A). Later, at stage 10B, wit is absent from the
dorsal anterior domain (Fig. 1B), and at stage 11, no expression of
wit was detected in the FCs (Fig. 1C). The dynamics of witFig. 2. The reporters for wit are dynamically expressed. (A) Schematics of the genom
reporter lines are depicted as bars in the boxed magniﬁcation. (B–D) A 1.1 kb fragment
witZ (used throughout this study) is a 1.2 kb fragment from the 5’ region of the gene i
At S10A, witZ is expressed in an anterior band (E). At S10B, WitZ clears from the dorsal si
named wit1 produced no expression in follicle cells (not shown). The yellow broken line de
in the posterior end of the FCs was sufﬁcient to induce ectopic expression of witZ in this do
FCs. (I, J) Anterior loss of function (LOF) clones of mad (marked by white outline) are mon
(gray). (J’) Inset of yellow marked area in J. In all images the anterior end is to the left.expression are conserved in other species including D. simulans
and D. sechellia supplementary material Fig. S1. Interestingly,
these patterns are consistent with the dynamics of BMP signaling
in the FCs (Yakoby et al., 2008b). Therefore, we hypothesized thatic locus of wit. The genomic fragments which were used to generate transgenic
named wit produced an early uniform expression pattern in the follicle cells. (E–G)
ncluding upstream sequences, the ﬁrst (non-coding) exon and intronic sequences.
de (F, arrowhead). By S11, witZ expression no longer remains (G). A 2.5 kb fragment
notes the anterior domain of the oocyte associated FCs. (H) Ectopic expression of DPP
main (arrow). Yellow broken line denotes the anterior domain of the oocyte associate
itored by loss of GFP (I, green). (J) The corresponding cells demonstrate loss of witZ
R.A. Marmion et al. / Developmental Biology 375 (2013) 45–5348wit is patterned by BMP signaling. Indeed, ectopic expression of
DPP in the posterior FCs induced signaling (P-MAD) and wit
within this domain (Fig. 1D and E).
To test whether this is a cell autonomous effect, we would
have had to use a ﬂuorescent in situ hybridization, however, this
technique works poorly in the FCs. Alternatively, we constructed
LacZ reporters for wit (Fig. 2). Three genomic fragments were
tested to their abilities to recapitulate the endogenous pattern ofwit.
The genomic fragments used to generate transgenic reporter lines
are depicted as bars in the boxed magniﬁcation. The 2.5 kb
fragment named wit1 produced no expression in follicle cells.
An additional fragment (wit; 1.1 kb) produced a uniform expres-
sion pattern as early as stage 8 through 10A (Fig. 2B–D). The low
levels of LacZ are consistent with the uniform low level expres-
sion pattern of wit during early stages of egg development (not
shown). WitZ (used throughout this study) is a 1.2 kb fragment
from the 5’ region of the gene including upstream sequences, the
ﬁrst (non-coding) exon and intronic sequences. The WitZ expres-
sion pattern recapitulates the dynamics of wit mRNA patterns
(Fig. 2E–G). Furthermore, the activation of BMP signaling in the
posterior FCs was sufﬁcient to induce WitZ in this domain
(Fig. 2H), which is similar to the induction of wit mRNA in the
same background (Fig. 1E). In loss of function (LOF) clones for
MAD, an intercellular mediator that is necessary for BMP signal-
ing, WitZ was lost cell autonomously (Fig. 2I and J). Thus, we
conclude that wit is regulated by BMP signaling.
Next, we aimed to discover whether the dynamic patterns of
wit expression reﬂect the patterns of the WIT receptor. Using
antibodies speciﬁc for WIT, we discovered a compelling pattern of
the receptor in the anterior domain of the FCs. As expected, like
the mRNA pattern, the dynamics of WIT are consistent with the
patterns of BMP signaling (Fig. 3A–C, and supplementary material
Fig. S2). Similar to the WitZ and wit results, WIT was found in
posterior FCs upon activating BMP signaling in this domain
(supplementary material Fig. S3A–C). Also, WIT was completely
abolished when the BMP inhibitor daughters against dpp (dad) wasFig. 3. The pattern of the WIT receptor is regulated by BMP signaling. (A) WIT appears
later begins to clear from the dorsal side of the egg chamber (B—marked by an arrowh
line denotes the anterior domain of the oocyte associate FCs. (D) Anterior LOF clones o
(red). (D’) An inset of D (arrows denote two wild type cells in the middle of the clone
Arrowhead denotes the dorsal midline. In all images, the anterior is to the left.expressed uniformly throughout the FCs (supplementary material
Fig. S3D–F). Consistent with the transcriptional results, WIT was
lost cell autonomously in LOF clones of MAD (Fig. 3D and E).
The regulation of wit could also depend on Brinker (Brk), a
transcriptional repressor of BMP targets which is negatively regulated
by BMP signaling in several tissues including the FCs (Affolter and
Basler, 2007; Chen and Schupbach, 2006). The absence of Brk in the
wit expression domain (Chen and Schupbach, 2006) raises the
possibility that the BMP signal de-represses wit through the removal
of brk in anterior FCs. To test this hypothesis, we induced LOF clones
of brk in the posterior FCs. In this case, wit was not ectopically
expressed in these clones (supplementary material Fig. S3G–I).
In summary, WIT is expressed dynamically in the FCs, and its pattern
is regulated by the dynamics of BMP signaling.
The WIT receptor is necessary for BMP signaling in the follicle cells
The role of Punt, a type II BMP receptor has been studied in
numerous tissues (Chen et al., 1998; Letsou et al., 1995; Matunis
et al., 1997; Ruberte et al., 1995; Shivdasani and Ingham, 2003;
Simin et al., 1998; Song et al., 2004; Zheng et al., 2003).
The second Drosophila type II receptor WIT is required for proper
synaptic growth and homeostasis (Aberle et al., 2002; Eaton and
Davis, 2005; Goold and Davis, 2007; Marques et al., 2002). Since
Punt is uniformly expressed throughout the FCs (not shown), and
the expression of WIT is strongly associated with the patterns of
BMP signaling, we hypothesized that WIT may act as a type II
BMP receptor in the FCs. To test this hypothesis, we generated
LOF clones of wit and monitored them for changes in the pattern
of BMP signaling. Interestingly, in these clones, P-MAD is lost cell
autonomously (Fig. 4A and B). Additionally, we reasoned that
transcriptional targets of BMP signaling, such as Dad, would be
abolished in wit null clones. Indeed, using an enhancer trap line
for Dad (DadZ), we demonstrated a cell autonomous loss of DadZ
in WIT null clones (Fig. 4C and D). Based on these results, we
conclude that WIT is necessary for BMP signaling.in an anterior 2–3 cells wide band of follicle cells encompassing the oocyte, which
ead) and is completely absent from the dorsal side by stage 11 (C). Yellow broken
f mad (marked by white outline) correspond to a cell autonomous loss of P-MAD
). (E, E’) The corresponding cells demonstrate loss of WIT (green) in these clones.
Fig. 4. WIT is required for BMP signaling and FCs’ patterning. (A, B) In anterior loss of function (LOF) clones of wit (marked by white outline), BMP signaling (red, monitored
by P-MAD) is lost cell autonomously. Clones are marked by the absence of GFP (green). (A’, B’) Insets of yellow marked areas in A and B. (C, D) Anterior LOF clones of wit
(marked by white outline) are monitored by loss of GFP (green) and correspond to a cell autonomous loss of DadZ (red). (C’, D’) Inset of yellow marked area. In all images,
the anterior end is to the left.
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Overexpression of wit uniformly in all FCs leads to eggshells
with a large operculum and no DAs (not shown), which is similar
to the phenotypes obtained by overactivation of BMP signaling in
all FCs (Dobens and Raftery, 2000). To determine the role of WIT
in eggshell patterning, we depleted wit using e22c-Gal4 driving
witRNAi uniformly throughout the FCs (Fig. 5). This perturbation
generated four classes of eggshell morphologies. Class I looks like
the normal wild type eggshell (Fig. 5A). Class II includes eggshells
with cell imprint defects and ectopic eggshell material. Speciﬁ-
cally, in the wild type, eggshell imprints reﬂect the organization
of FCs borders, and these mostly have hexagonal shapes. In this
class, many cell imprints have four edges or, in some cases, only
portions of the imprint are left (Fig. 5B). Furthermore, in this class,
amorphic eggshell material is detected at the base of the DAs
(Fig. 5C). In class III, in addition to the class II phenotypes, nodules
of appendage material appear along the DAs (Fig. 5D). The most
severe phenotypes are classiﬁed as class IV. In addition to the
class II phenotypes, this class has very severe DA disruption (Fig. 5
E, E’). A summary of the phenotypes and their scorings demon-
strates that in this perturbation 49% of the eggshells are disrupted
to some extent (Fig. 5F).
WIT is necessary for follicle cells patterning
The Zn-ﬁnger transcription factor Broad (BR) is dynamically
expressed during oogenesis (Deng and Bownes, 1997). Earlyexpression is uniform throughout the FCs. During stage 10A, BR
is repressed in the dorsal midline. Later, during stage 10B, BR
appears in two dorsolateral patches on either side of the dorsal
midline (Fig. 6A). The dynamic pattern of BR is associated with
the sequential feedforward and feedback regulatory loops that are
governed by EGFR and BMP signaling pathways (Lembong et al.,
2009; Yakoby et al., 2008b). The disruption of BR in the FCs leads
to severe defects in DAs formation and the appearance of ectopic
appendage material at their base (Deng and Bownes, 1997). Thus,
we reason that defects in eggshell structures should reﬂect
changes in BR expression.
As consequence of depleting wit uniformly throughout the FCs by
using e22c-Gal4 driving witRNAi, the pattern of BR was abnormal in
54% of the egg chambers at stage 11. Speciﬁcally, in comparison to
the wild type pattern (Fig. 6A); we noticed a reduction in the distance
between the two patches of BR (Fig. 6B). Further severity was
detected in 12% of the patterns, where the dorsal midline was not
cleared from BR expression (Fig. 6C). In addition, depletion of wit led
to a reduction in the levels of BR on the patches. In this case, unlike
the high levels of BR on the entire patch (Fig. 6A), only portions of the
patch showed high levels of BR (Fig. 6B and C). While WIT was
depleted in this background, we could still detect low levels of P-MAD
(supplementary material Fig. S3J–L), suggesting that WIT was not
completely lost. This may account for the partial penetrance of
eggshell defects (Fig. 5). In LOF clones of wit, P-MAD was lost cell
autonomously (Fig. 6D and E). Interestingly, in these clones, the levels
of BR were reduced by 31%þ/3 in comparison to the surrounding
WT cells (Fig. 6F, F’).
Fig. 5. WIT is required for eggshell morphogenesis. Depletion of wit throughout the follicle cells by e22c4witRNAi leads to eggshells with a range of severity of defects.
(A) The eggshell looks like the wild type eggshell. (B) Cell imprint defects include those that are small and have less than six edges (arrows), as well as those with partial
loss of imprints (short closed arrow). (C) Ectopic eggshell material is found at the base of the dorsal appendages (arrows). (D) Dorsal appendages contain nodules
of appendage material (arrows). (E) In severe cases, dorsal appendages are much reduced. Close-up (E’) shows the dorsal appendages (arrow), as well as ectopic dorsal
appendage material (short closed arrow). (F) Table of the four classes of phenotypes shows the range of phenotypes displayed by reduction of wit. Numbers correspond
to the number of similar phenotypes out of 91 SEM examined eggshells. All images are dorsal views and anterior is to the left.
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Several laboratories established that BMP signaling is required
for eggshell morphogenesis (Chen and Schupbach, 2006; Dequier
et al., 2001; Dobens and Raftery, 2000; Peri and Roth, 2000;
Shravage et al., 2007; Twombly et al., 1996; Yakoby et al., 2008a).
The early phase of BMP signaling maintains the anterior domain
of the operculum and prevents it from being fated as dorsalappendage material (Deng and Bownes, 1997; Yakoby et al.,
2008b). The late phase of signaling is associated with the egg-
shell’s morphogenetic process (Niepielko et al., 2011; Niepielko
et al., 2012). Modiﬁcations in eggshell formation are associated
with changes in BMP signaling components including the levels of
ligands, BMP inhibitors, and receptors (Chen and Schupbach,
2006; Deng and Bownes, 1997; Dobens and Raftery, 2000;
Niepielko et al., 2011, 2012; Peri and Roth, 2000; Shravage et al.,
Fig. 6. WIT is required for BR patterning and late BMP signaling. Depletion of wit throughout the follicle cells by e22c4witRNAi leads to a range of severity of defects in the
patterning and movement of cells positive for BR. All egg chambers are at developmental stage of 11. The yellow broken line denotes the anterior domain of the oocyte associated
FCs. (A) A wild type like pattern of Broad (BR) (arrowhead denotes the dorsal midline). (B) In 42% of the egg chambers, the patches of BR appear more anteriorly and the midline is
reduced. (C) In 12% of the cases, the two patches of BR are connected and appear more anteriorly. (D–E) In loss of function clones of wit (marked by white outline), the late
dorsolateral pattern of P-MAD (red) is lost cell autonomously. Clones are marked by the absence of GFP (green). (F) In this clone, the levels of BR are reduced. D’, E’ and F’ are insets of
D, E, and F, respectively. The numbers of similar images are denoted by a percent in A–C and as ‘‘n’’ in D–F. All images are dorsal views and anterior is to the left.
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these results, changes in the levels of WIT led to morphological
deformities throughout the eggshell.
WIT is necessary for BMP signaling in the FCs and proper eggshell
morphogenesis
The loss of BMP signaling in FCs null for wit is consistent with
the loss of P-MAD in wit null neurons (Marques et al., 2002).
In neurons, BMP signals through the BMP ligand Glass bottom boat
(Gbb) (Marques et al., 2002). However, in the FCs, BMP signaling
is induced by an anteriorly emanating DPP (Deng and Bownes,
1997; Dobens et al., 1997; Peri and Roth, 2000) that signals
through the type I BMP receptor thickveins (Tkv) (Mantrova et al.,
1999; Shravage et al., 2007; Yakoby et al., 2008b). It was shown
that BMP-2/4, the mammalian homolog of DPP, can signal
through WIT and TKV (Lee-Hoeﬂich et al., 2005). Therefore, we
propose that DPP can signal through theWIT/TKV complex in the FCs.
Alternatively, gbb is expressed uniformly in all FCs (Twombly
et al., 1996), thus, GBB homodimers and heterodimers with DPP
may contribute to signaling in the FCs. However, the contribution
of ligands other than DPP to FC patterning is still unknown.
The disruption of the cell adhesion molecule Cad74A gave rise
to eggshell defects that are similar to the phenotypes obtained by
the disruption of wit (Zartman et al., 2008). These phenotypes are
also similar to the eggshells obtained by perturbations in tkv
(Niepielko et al., 2011). In the retina of D. melanogaster pupae,
BMP signaling regulates the expression of cadherins (Cordero
et al., 2007). In the FCs, other cadherins are expressed in patterns
that are considered targets of BMP signaling. Thus, perturbations in
BMP signaling may contribute to eggshell defects by altering the
expression of adhesion molecules (Yakoby et al., 2008a; Zartman
et al., 2009b). Interestingly, in D. melanogaster, it was suggestedthat detachments of pre and postsynaptic membranes are caused
by the loss or aberrant function of cell adhesion molecules in cells
null for wit (Aberle et al., 2002; Marques et al., 2002).
WIT is necessary for proper spatiotemporal patterning of BR
Upon the disruption of wit, the two dorsolateral patches of BR
appear closer to each other (Fig. 6). While lateral shifts in BR
patterning along the dorsoventral axis are associated with EGFR
signaling (Boisclair Lachance et al., 2009; Zartman et al., 2009a),
these shifts also reﬂect changes in the levels of BMP signaling. For
example, when Dad was used to inhibit BMP signaling in all FCs, the
two BR patches appeared closer to each other and in a more anterior
domain in comparison to the WT pattern (Yakoby et al., 2008b).
Consistent with these results, an increase in the levels of BMP
signaling led to a greater distance between the BR patches (Deng
and Bownes, 1997; Shravage et al., 2007).
Notably, at early stage 10B, the pattern of BR in egg chambers
perturbed for wit did not differ from the pattern found in the wild
type (not shown). Thus, the changes in BR patterning found at stage
11 may reﬂect function of WIT near the beginning stages of DAs’
morphogenesis at the transition from stage 10B into 11. At these
stages, the cells adjacent to the BR cells, called ﬂoor cells, extend
under the BR cells (Ward and Berg, 2005). Thus, the disruption of WIT
may alter the morphogenetic processes in the FCs, and consequently
the two patches of BR appear closer to each other andmore anteriorly
(Fig. 6B, C). These results are in agreement with the suggested role of
TKV during eggshell morphogenesis (Niepielko et al., 2011).
There is conﬂicting evidence regarding the regulation of BR
by BMP signaling. It was shown to be necessary for BR expression
(Peri and Roth, 2000) or to act as a repressor (Chen and Schupbach,
2006; Deng and Bownes, 1997; Dequier et al., 2001; Yakoby et al.,
2008b). In this report, the disruption of WIT generated a reduction
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supports a positive role for WIT in BR regulation. However, in the FCs,
clones are generated at early stages of egg development; thus,
information about the temporal necessity of WIT in BR patterning
cannot be deduced without an adequate marker. Recently, the
intricate expression of BR was analyzed with two reporter constructs
that reﬂect the early and late patterns of BR (Fuchs et al., 2012). They
demonstrated how a network of EGFR regulated transcription factors
differentially regulate the two reporters. These reporter constructs of
BR can now be used to analyze the effects of BMP signaling
components on the expression of BR.
Previously, the Schupbach Lab demonstrated that in large clones
null for punt, the second Drosophila type II BMP receptor, Brk-LacZ
was ectopically expressed in the anterior follicle cells of young egg
chambers (stage 7/8) (Chen and Schupbach, 2006). They reasoned
that the deletion of punt alleviates the repression of the reporter by
BMP signaling. Interestingly, while punt was null throughout the
follicle cells, the Brk-LacZ was expressed in an anterior to posterior
intensity gradient. Furthermore, the most anterior follicle cells did not
express the LacZ, suggesting that the anterior follicle cells have
sufﬁcient signal to repress the reporter. We propose that WIT may
provide this signal. Thus, in the follicle cells, Punt plays a role in BMP
signaling, but the spatiotemporal division of labor between the two
receptors still needs to be further investigated.
To date, the function of WIT has been associated with synaptic
growth and synaptic transmission in motoneurons (Aberle et al.,
2002; Eaton and Davis, 2005; Goold and Davis, 2007; Marques et al.,
2002). In this report, we established a role for WIT during epithelial
cells’ development. Since wit is expressed in other tissues (Aberle
et al., 2002; Marques et al., 2002), we propose that WIT may have a
role in the development of other organs, and we suggest that WIT’s
function may be obscured by the action of Punt in these tissues.Acknowledgments
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